To study the effects of phosphorus and Azotobacter on yield of maize, a factorial experiment was carried out based on randomized complete block design with three replications in Astara, north of Iran, in 2012. The treatments were phosphorus fertilizer rates (0, 62.5, 125, 187.5 and 250 kg P 2 O 5 ha -1 ) and seed treatment (inoculated with Azotobacter Vinelandii and uninoculated). The analysis of variance indicated that phosphorus fertilizer improved significantly grain yield. Because of non significant effect of two factors, the average of data across two conditions of inoculated and uninoculated with Azotobacter Vinelandii was used for drawing the graph. For nitrogen content in grain the interaction effects of two factor was significant and the graph drawn separately. The effects of Azotobacter were significant on nitrogen concentrations in grain and ear length. Phosphorus at the rate of 187.5 kg ha -1 was the optimum rate to cause a desirable increase in grain yield, thousand grain weights, biological yield, leaf area index, nitrogen content in grain, grain P uptake and ear length. Overall, utilization of biological nitrogen with chemical phosphorus fertilizer could be a strategy to achieve sustainable agriculture.
INTRODUCTION

Maize (Zea mays L.) is an important field crop and is
the third most widely cultivated cereal crop after wheat and rice in world. It is grown over large areas because it is used as a source for food for human and also as a fodder. Maize grown for green fodder harvested 8-10 weeks after sowing (Hameeda et al., 2008) .
The grain yield of maize depends on the genetic potential of a hybrid, soil characteristics, agrotechnical applications and climatic conditions (Jockovic et al., 2010) . In conventional agriculture large amounts of mineral fertilizers are applied which increase cost of production and may be harmful to environment while, organic production includes only the use of organic fertilizers and biofertilizers (Dai et al., 2004) .
Biofertilizers are microbiological fertilizers that include specific species of microorganisms and used for stimulating microbiological processes in which plant nutrients are released (Rodriguez et al., 2004) .
Azotobacter is a beneficial free living (non symbiosis) nitrogen fixing bacteria which is reported to fix 20-60 kg N ha -1 . It has been widely used to inoculate crops and results indicated that seed inoculation of non-legume increased the yield of field crops by about 10% and cereals by 15-20% (Forlain et al., 1998) . Several mechanisms have been suggested for promoting plant growth by Azotobacter including phytohormone production, enhancing stress resistance, N 2 fixation, stimulation of nutrient uptake and biocontrol of -790-pathogenic microorganisms (Rodriguez and Fraga, 1999) , increasing the supply or availability of primary nutrients to the host plant (Wu et al., 2005) . Naseri et al., (2013) indicated that there was significant effect of Azotobacter on plant height, number of grain per row, 1000-grain weight, grain yield, biological yield and protein content. Pandey et al., (1998) Azotobacter inoculation was economically most efficient at lower doses of nitrogen which not only increased yields but resulted in a saving of N when applied in combination with farmyard manure.
Phosphorus (P) is the most important nutrient element (after nitrogen) limiting agricultural production in most regions of the world (Kogbe and Adediran, 2003) . The effects of chemical phosphates were studied on maize by some researchers. Maqsood et al., (2001) showed phosphorus significantly affected maize plant height, number of cobs per plant, number of grains per cob and grain yield. They also deduced P should be applied at the rate of 100 kg ha -1 for best grain yield. Ali et al., (2002) reported significant effect of P on grain yield; whereas Ayub et al (2002) indicated significant effect of P on dry matter yield and plant height, number of leaves and leaf area. Rashid and Iqbal (2012) indicated maize fodder yield was increased significantly with application of phosphorus. Onasanya et al., (2009) Grain N uptake was calculated as following equation:
Grain N uptake (kg ha -1 ) = Grain N concentration (%) * Grain yield (kg ha -1 )
Grain P uptake was also calculated as following equation:
Grain P uptake (kg ha -1 ) = Grain P concentration (%) * Grain yield (kg ha -1 )
Data were analyzed by SAS Ver.9 program. Analysis of variance (ANOVA) procedures were run for all of the traits. Mean separation was done using least significance difference (LSD) test to signify the treatment differences at 5% level of probability.
Graphs and Nonlinear regression equations were derived using Excel. Visual traits were regressed against P rate using linear and nonlinear equations. The corrected R 2 for all linear and nonlinear regressions were calculated by subtracting the ratio of the residual sum of squares to the corrected total sum of squares from one. Statically, because of non significant effect of two factors, the data must be averaged across Azotobacter inoculated and uninoculated conditions. Therefore, the average of data across two conditions was used for drawing the graph. For Figure 5 (nitrogen content in grain) the interaction effects of two factor was significant and the graph drawn separately. 
RESULTS
The analysis of variance indicated the effects of phosphorus fertilizer were significant on grain yield, thousand grain weight, biological yield, leaf area index, nitrogen content in grain, grain nitrogen uptake, phosphorus content in grain, grain phosphorus uptake and ear length.
The effects of Azotobacter were significant on nitrogen content in grain, grain nitrogen uptake and ear length.
Interaction effects of two factors were significant only on nitrogen content in grain (Table 2) . 
Grain yield
The analysis of variance indicated significant effect of phosphorus fertilizer on grain yield (Table 2) 
Biological yield
The results indicate that the highest value of biological yield (22646 kg ha 
Leaf area index
The results indicate that Leaf area index was significantly affected (P≤0.05) by phosphorus fertilizer rate (Table 2) . Mean values of the data indicated that maximum LAI (3.75) was recorded in plots with P applied at the rate of 250 kg ha -1 followed by P 2 O 5 at the rate of 187.5 kg ha -1 (3.68). There was no significant difference between 125, 187.5 and 250 kg P ha -1 rates (Figure 4) . Phosphorus content in grain and grain phosphorus uptake Grain P concentration followed a positive quadratic relationship as P rate increased from 0 to 250 kg ha -1 .
The lowest value (0.21 %) of grain P concentration was observed in control plots. The highest grain P concentration (0.31 %) was recorded of 250 kg P 2 O 5 ha -1 rate; this value was significantly higher than the values recorded in other P rates (Figure 7 ). There was significant P uptake response to the phosphorus fertilizers (Table 2) . The P uptake which expressed by a quadratic equation responded to phosphorus fertilizer rate, varied with the fertilizers from 14.17 kg ha -1 P in the control plots to 27.80 kg ha -1 in plots with 250 kg P 2 O 5 ha -1
. There was no significant difference in grain P uptake between 187.5 and 250 kg P 2 O 5 ha -1 rates (Figure 8 ). 
Ear length
The response of ear length to Azotobacter and phosphorus fertilizer was significant but response of it to interaction of two factors was not significant. Maximum 
DISCUSSION
